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AB - PURPOSE: To reduce the influence of a metallic 
element which is a catalyst material for 
crystallization remaining in a crystalline silicon 
film by performing gettering for a metallic element 
(e.g. nickel) in the crystalline silicon film by a 
PSG film provided on a substrate. 

CONSTITUTION: A PSG film 99 is formed on a substrate 
101, a foundation film 102 is then formed, an 
amorphous silicon film 104 is further deposited and a 
mask 103 is provided. Thereafter, a silicon nickel 
film is formed and the silicon nickel film is 

selectively introduced into a part of a region 100 on 
the silicon film 104. The mask 103 is removed and it 
is annealed at a temperature below a crystallization 
temperature of an amorphous silicon film under 
hydrogen reduction atmosphere to crystallize the 
silicon film 104. In the process, gettering is 
performed for the nickel made to function as a 
catalyst when the silicon film 104 is crystallized 
through existence of the PSG film 99. Thereby, it is 
possible to improve electrical characteristic and 
stability of a semiconductor device wherein a 
crystallized silicon film is used. 
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[Claims] /160 * 
[Claim 1] 

Semiconductor device and its manufacturing method with the 
following characteristic : 

With a semiconductor device containing a PSG film formed on 
a substrate, insulation film formed on the said PSG film, 
crystalline silicone film formed on the insulation film, 

the crystalline silicone film contains a metallic element 
for accelerating the crystallization of the crystalline silicone 
film. 
[Claim 2] 

In Claim 1, the metallic element is at least one kind 
selected from nickel, cobalt, iron, and white gold. 
[Claim 3] 

Semiconductor manufacturing method comprised of the 
following processes: 

Process of forming a PSG film on a substrate; process of 
forming an insulation film on the said PSG film as a base film; 
process of forming an amorphous -like silicone film on the base 
film; process of inducing at least one material selected from 
nickel, iron cobalt, and white gold; and process of annealing the 
said silicone film at a temperature equal to or below the 
crystallization temperature of a regular amorphous silicone film 
and of crystallizing the said silicone film in the area where at 



* Numbers in the margin indicate pagination in the foreign 

text . 
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least one material selected from nickel, iron cobalt, and white 
gold has been provided. 

[Detailed explanation of this invention] 
[0001] [Industrial field] 

This invention pertains to a method of utilizing a 
crystalline silicone film crystallized by heat-annealing an 
amorphous silicone film semiconductor device. 
[0002] [Convectional technology] 

An active matrix type liquid crystal display device is 
conventionally formed by placing numerous TFTs (thin film 
transistor; an insulation gate type electric field effect 
semiconductor device thin film silicone transistor is normally 
used) in a matrix format for operating picture elements which are 
also positioned in a matrix format. Amorphous silicone is 
conventionally used as TFT for operating picture elements of an 
active matrix type liquid crystal display device. However, in 
order to further improve the characteristic, silicone having a 
crystalline characteristic (from here, the term "crystal 
silicone" is used) can be used for increasing the effectiveness 
of the device. 
[0003] 

A silicone crystalline is conventionally created by 
providing a laser beam or optical energy to an amorphous silicone 
prepared using a vapor phase or spattering technique in order to 
crystallize silicone or by heat-annealing the same type of 
amorphous silicone for crystallizing silicone. However, the 
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former method is not practical, as the laser beam irradiation 
area is too small, and reproducibility is not satisfactory; 
whereas the latter method requiring at least 600°C of heating 
temperature is not suited for a large substrate when a glass 
substrate (normally Corning 7059 glass is used) is used, as the 
distortion point of Corning 7059 is 593°C. Also, in this case, 
as the substrate must be annealed for 24 hours at 600°C, the 
process is not productive. 
[0004] 

When an appropriate nickel element is added to an amorphous 
silicone film before a heat-annealing process, the substrate can 
be crystallized by heat -annealing for approximately 4 hours at 
550°C. However, with this method that uses nickel to accelerate 
the heat-annealing process using nickel as a catalyst, nickel 
(metallic element) remains in the crystalline silicone and may 
reduce the characteristic and reliability of the semiconductor 
device (e.g., TFT) containing the prepared crystalline silicone. 
[0005] [Problems to be solved by this invention] 

With a method that forms a crystalline silicone film on a 
substrate by annealing at approximately 550°C (silicone was 
crystallized even at 450°C according to our experiments) , this 
invention provides a method that reduces the influence of 
metallic element used as a catalyst for crystallization, 
remaining in the crystallized film. 
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[0006] [Method to solve the problems] 

To achieve the purpose as described above, this invention 
provides the following semiconductor device and its manufacturing 
method with the following characteristic as first claim: 

With a semiconductor device containing a PSG film formed on 
a substrate, an insulation film formed on the said PSG film, 
crystal silicone film formed on the insulation film, the crystal 
silicone film contains a metallic element for accelerating the 
crystallization of the crystal silicone film. 
[0007] 

The method described above provides a "gettering" (fixation) 
effect on a metallic element (e.g., nickel) that is a catalyst 
added in a crystalline silicone film using a PSG film in order to 
accelerate the crystallization process. The PSG film is made of 
phosphorous silicate glass prepared by a conventional method such 
as a coating or vapor deposit method. 
[0008] 

As a metallic element used as a catalyst for helping the 
crystallization of silicone film, at least one material may be 
selected from nickel, iron, cobalt, and white gold. 
[0009] 

This invention also provides a semiconductor manufacturing 
method comprised of the following processes as the third claim: 

Process of forming a PSG film on a substrate; process of 
forming an insulation film on the said PSG film as a base film; 
process of forming an amorphous -like silicone film on the base 
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film; process of inducing at least one material selected from 
nickel, iron cobalt, and white gold; and process of annealing the 
said silicone film at a temperature equal to or below the 
crystallization temperature of a regular amorphous silicone film 
and of crystallizing the said silicone film in the area where at 
least one material selected from nickel, iron cobalt, and white 
gold has been provided. 
[0010] 

The method described in the third claim of this invention is 
the process of manufacturing the device described in the first 
claim. As a practical amorphous film preparation method, the 
conventional plasma CVD, CVD with a reduced pressure and heat, 
optical CVD, and spattering method may be used. The said 
practical amorphous -state film is an amorphous silicone 
semiconductor film normally used with an amorphous silicone solar 
battery and amorphous silicone TFT. 
[0011] 

The crystallization temperature of a regular amorphous 
silicone film is at least 600°C as described above. That is, the 
characteristic of this invention is the crystallization 
temperature that can be below 600 °C. It was confirmed that the 
crystallization process based on this invention could be 
completed within 4 hours if the temperature was at least 550°C, 
where the process could be performed at 450°C. Therefore, the 
annealing temperature of this invention can be specified as 450°C 
- 550°C (if the problem of a substrate associated with heat- 



resistance is not a concern, the temperature may be set higher 
accordingly) . 
[0012] [Operation] 

Due to the existence of PSG film, the metallic element such 
as nickel used as a catalyst for silicone film crystallization 
can be eliminated. Therefore, the prepared semiconductor device 
utilizing this crystalline silicone film can provide an improved 
electric characteristic and stability. 
[0013] [Operational example] 
Operational example 1 : 

This example combines a P channel type TFT (called "PTFT") 
having a crystalline silicone on a glass substrate and N channel 
type TFT (called "NTFT") to complement each other in a circuit. 
This configuration can be utilized with a peripheral driver 
circuit of an active type liquid crystal display device or 
switching element of a picture element (picture element is driven 
by a complimentary type circuit) . 
[0014] 

Figure 1 shows the cross-sectional diagram of preparation 
process of this example. First, a PSG film (99) was formed for 
1000 A thick on a substrate (Corning 7059) using a speed coating 
method and baked at 200°C. As a PSG film, using a coating liquid 
for forming a silicone oxide film available on the market, the 
film was prepared in such a way that the density of P became 5 x 
10 14 - 5 x 10 21 cm" 3 . Also, the thickness is not limited as long 
as it is within a range of 200 - 2000 A. 

7 



[0015] 

Next, a silicone oxide primer film (102) was formed for 
thickness of 100 - 2000 A (500 A in this example) . Adding 
chlorine in this primer film can increase the "gettering effect". 
Then, a 500 - 1500 A thick [e.g., 1000 A thick intrinsic (type 
I)] amorphous silicone film (104) was deposited, on which a 
metallic mask or silicone oxide film mask (103) was formed 
exposing the silicone film (104) from slit-like openings. That 
is, with the upper surface of device (A) shown in Fig. 1, the 
silicone film (104) was exposed from the slit-like openings, and 
the rest of the area was covered by the mask. 
[0016] 

After the mask (103) was formed, a 5 - 200 A thick (e.g., 20 
A) nickel silicate film (NiSl 4 , 0.4 ^ x ^ 2.5, e.g., x = 2.0) was 
formed. With this process, nickel silicate film was selectively 
induced into the area (100) of the silicone film (104) . 
[0017] 

After the mask (103) was removed, the film was crystallized 
by annealing for 4 hours at 550°C in a reduced hydrogen 
atmosphere (preferably, the hydrogen partial pressure was 0.1-1 
pressure) . At this time, the silicone film (104) was 
crystallized in the diagonal direction against the substrate 
(101) in the area (100) where nickel silicate film had been 
selectively formed. As for the area excluding the area (100), 
the crystal was grown in the horizontal direction (parallel to 
the substrate) from the area (100) as shown with arrow (105) . 
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[0018] 

When the process described above was completed, the 
amorphous silicone film was crystallized, producing a silicone 
crystal film (104) . Then, the elements were separated by 
patterning the crystalline silicone film (10) . Next, a 1000 A 
thick silicone oxide film (106) was deposited as a gate 
insulation film by a spattering method using silicone oxide as a 
target [spattering substrate temperature: .200 - 400°C (e.g., 
350°C) ; spattering atmosphere: Argon/oxygen = 0 - 0.5 (e.g., 0.1 
or below)]. Then, a 6000 - 8000 A thick (e.g., 6000 A) aluminum 
(including 0.1 - 2% silicone) was deposited using a spattering 
method. 
[0019] 

Next, gate electrodes (107, 109) were formed by patterning 
the silicone film, and oxide layers (108, 110) were formed over 
the surface by oxidizing the areas with an aluminum positive 
electrode. This oxidization process was performed in an ethylene 
glycol solution containing 1 - 5% of tartaric acid. The 
thickness of the obtained oxide layers (108, 110) was 2000 A. 
Also, since the thickness of these oxide substances (108, 110) 
becomes the offset gate area during the ion-doping process 
performed later, the length of the offset gate area can be 
determined by the positive-electrode oxidization process. 
[0020] 

Next, during an ion-doping method, an impure substance 
(phosphorous and boron) was injected using the gate electrode 
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(107) and the oxide layer (108) around the electrode, and also, 

the gate electrode (109) and the oxide layer (110) around the 

electrode (109) as masks. As a doping gas, phosphine (PH 3 ) and 

diborane (B 2 H 5 ) were used. The acceleration voltage was set to 

60 - 90 kV (e.g., 80 kV) for the former case, and 40 - 80 kV /162 

(e.g., 65 kV) for the latter case. The dosage was 1 x 10 15 - 8 x 

10 15 cm" 2 (e.g., phosphorous = 2 x 10 15 cm" 2 , boron = 5 x 10 15 cm" 2 ). 

At the time of doping, by covering one area with a photo-resist, 

each element was selectively doped at specific areas. As a 

result, N-type impure areas (114, 116) and P-type impure areas 

(111, 113) were formed, thereby creating P-channel type TFT 

(PTFT) area and N-channel type TFT (NTFT) area. 

[0021] 

The area was annealed by irradiating a laser beam. As a 
laser beam, although a KrF extima laser (frequency = 248 nm, 
pulse width = 20 n sec) was used, other types of lasers may be 
used. As the irradiation condition of this laser beam, the 
energy density was 200 - 400 mJ/cm 2 (e.g., 250 mJ/cm 2 ) , and 2 - 
10 shots (e.g., 2 shots) were irradiated per site. Heating the 
substrate to 200 - 450°C during irradiation can increase the 
effectiveness of this process. During this laser-annealing 
process, as the nickel had been dispersed in the previously 
crystallized area, re-crystallization could be easily performed. 
As a result, the impure substance areas (114, 116) where an 
impure substance for providing N was doped and the impure 
substance areas (111, 113) where an impure substance for 
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providing P was doped could be easily activated. 
[0022] 

Next, a 6000 A thick silicone oxide film (118) was formed as 
a between-layer insulation substance using a plasma CVD method, 
to which contact holes were formed, creating TFT 
electrodes/wiring (117, 120, 119) using a multi-layer film 
consisting of metallic materials (e.g., titanium oxide. and 
aluminum) . Lastly, the surface was annealed for 30 minutes at 
350°C in an air-pressure hydrogen atmosphere, thereby completing 
the production of semiconductor circuit (see Part D of Fig. 1) . 
This circuit is a complementary type having a gate electrode 
input and electrode output (120) . 
[0023] 

Although the circuit described above was CMOS-structured, 
two independent TFT can be simultaneously created by creating two 
TFTs at the same time and cutting them at the center. 
[0024] 

Figure 2 shows the diagram of the upper surface of device 
(D) in Fig. 1. The Ni-added area in Fig. 2 is the area (100) in 
Part A of Fig. 1. The gate electrodes correspond to parts (107 
and 109), whereas drain/source areas correspond to areas (113, 
114). In Fig. 2, a gate insulation film and channel- formation 
area are formed under the gate electrode. As shown Fig. 2, by 
elongating the Ni-added area (extended in up/down directions in 
the figure) , multiple TFTs can be simultaneously formed. 
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[0025] 

In this example, to induce nickel, a nickel thin film (the 
film is too thin to be observed as a film) was formed, where the 
crystal was grown. However, prior to forming an amorphous 
silicone film (104), a nickel silicate film may be selectively 
formed. That is, the crystal growth may be performed from the 
upper or lower surface of the amorphous silicone film. Also, an 
amorphous film may be pre-produced, and nickel ions may be 
selectively injected to an amorphous silicone film (104) using an 
ion doping method. This method can control the density of nickel 
element . 
[0026] 

In this example, when the nickel density in the crystalline 
silicone was measured using an SIMS (secondary ion quantity 
analysis method), the result was 10 17 - 10 18 cm 3 . 
[0027] Operational example 2: 

This example places an N-channel type TFT to each picture 
element as a switching element of an active type liquid crystal 
display device. Although following explains one picture element, 
numerous other picture elements (normally several 100,000) are 
structured in the same manner. 
[0028] 

Figure 3 shows the diagram of simplified production process. 
A Corning 7059 glass substrate (thickness = 1.1 mm, 300 mm x 400 
mm) was used as a transparent insulation substrate (301) . First, 
a PSG film (302) was formed for 200 - 2000 A thick (in this 
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example, 1000 A) using a spin coating method and baked at 200°C 
for 30 minutes in the same manner as described in Operational 
example 1. Then, a primer film (303) (silicone oxide) was 
spattered for 500 A. 
[0029] 

Then, an amorphous silicone film (304) [300 - 1500 A thick; 
in this example, 1000 A thick intrinsic (type I)] was formed 
using an LPCVD or plasma CVD method, and a nickel silicate film 
was formed using a spattering method (5 -2 00 A thick; 20 A in 
this example; NiSl 4 , 0.4 < x ^ 2.5, e.g., x = 2.0). That is, in 
this example, as shown in Part B of Fig. 3, after an amorphous 
silicone film (304) was formed, nickel was added on the surface 
as a nickel silicate film. 
[0030] 

Then, the surface was dehydrogenated for 1 hour at 400 °C and 
heat-annealed to crystalize the surface. This annealing process 
was performed for 4 hours at 550°C in a reduced hydrogen 
atmosphere (preferably, the hydrogen partial pressure was 0.1-1 
pressure) . At this time, since a nickel silicate film was formed 
on the amorphous silicone film (304) , crystallization occurs from 
the nickel silicate film onto the substrate (301) in the vertical 
direction. Then, a crystalline silicone film grown vertically 
from the substrate (301) could be obtained. 
[0031] 

Semiconductor area consisting of this crystalline silicone 
(area indicated as (304)) was patterned (separation between 
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elements) to form an island-like semiconductor area (TFT active 
layer) . Furthermore, using a tetra ethoxy silane (TEOS) as a raw 
material, the gate insulation film of the silicone oxide 
(thickness = 700 - 1200 A; typically 1000 A) 305 was formed by a 
plasma CVD method in an oxygen atmosphere. The substrate 
temperature was adjusted to 400°C or below, preferably 2 00 - 
350°C, in order to prevent contraction and warping of a glass. 
However, a large amount of hydrocarbon groups were included in 
the oxide film when the substrate temperature was set within this 
range, producing many re-bided centers. For example, the 
boundary surface level density was 10 12 cm" 2 or higher and could 
not satisfy the condition of a gate insulation film. 
[0032] 

While the crystallization of the crystalline silicone film 
(304) was improved by irradiating a KrF laser beam, the re-bided 
centers (trap center) of the gate oxide film (305) were reduced 
to improve the characteristic of the gate oxide film (305) . 
Also, this laser irradiation is preferably performed at 10 torr 
or less. This is because, carbon atoms in the oxide film can be 
more easily separated in a reduced pressure. At this time, the 
energy density of the laser beam was set to 250 - 300 ms/cm 2 , and 
the shot count was set to 10 times. The substrate temperature 
was set to 200 - 400°C, preferably 300°C. As a result, the 
crystalline characteristic of silicone film (204) was improved, 
and the boundary surface level density of the gate oxide film was 
reduced to 10 11 cm" 2 or less. 
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[0033] 

Next, an aluminum gate electrode (306) was formed and soaked 
in an electrolysis solution with the substrate. Using this 
device as positive electrode, electricity was transmitted to form 
a 2000 A thick positive electrode oxide layer (314) over a gate 
electrode aluminum wiring surface. Part C in Fig. 3 shows the 
diagram of the device when the process described above is 
completed. Also, after the completion of positive-electrode 
oxidation process, a negative voltage (e.g., -100 - -200 V) may 
be impressed for 0.1-5 hours. In this case, the substrate 
temperature should be 100 - 250°C, preferably 150°C. This 
process can attract the movable ions existing in the silicone 
oxide or on the boundary surface of silicone oxide and silicone 
to the gate electrode (Al) . 
[0034] 

Then, the source/drain (308, 309) for TFT were formed by 
injecting HISSO in a self-adjusting manner into the silicone film 
(305) as an N-type impure substance using a doping method. As 
shown in Part C of Fig. 2, a KrF laser is irradiated to these 
areas in order to improve the crystallization of the silicone 
film whose crystallization was deteriorated due to the ion-doping 
process. The laser beam energy density for this process was set 
to 250 - 300 mJ/cm 2 . This laser irradiation process could 
improve the sheet resistance of TFT source/drain to 3 00 - 800 
Q/cm 2 . 
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[0035] 

Then, an insulation substance (310) was formed between two 
layers using polyimide, and a picture element electrode (313) was 
created using ITO. After creating contact holes, electrodes 

(311, 312) were prepared at the TFT source/drain areas using 
chrome /aluminum multi-layered films, and one of electrodes (312) 
was connected to ITO 31 which was the picture element electrode. 
The chrome /aluminum multi-layered film has a lower layer 
consisting of a 20 - 2000 A thick (1000 A in this example) 
deposited chrome and upper layer consisting of a 1000 - 20000 A 
thick (5000 A in this example) deposited aluminum. These layers 
are preferably continuously formed using a spattering method. 
Lastly, the surfaces were annealed for 2 hours at 200 - 300°C in 
hydrogen to complete the hydrogenization of silicone, concluding 
the TFT production process. The simultaneously prepared numerous 
TFTs were positioned to form a matrix in order to complete one 
side of the substrate of the display part of an active matrix 
type liquid crystal display device. The nickel density in the 
crystal silicone film in this example was also 10 17 - 10" 8 cm" 3 . 

[0036] 

By performing the methods described in Operational example 1 
or 2, the nickel element existing in the crystalline silicone can 
be electrically fixed (gettering) . As a result, the negative 
effect caused by the nickel element can be prevented when the 
device is operated. 
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[0037] 

Also, in the examples described above, a PSG film 
(phosphorous silicate glass) was used as a gettering material. 
However, in addition to this film, BSG film (boron silicate 
glass) or BPSG film may be used. Also, a halogen element (e.g., 
chlorine) may be added to the film to improve the gettering 
effect. To form a film, a spin coating method used to assure the 
flatness in the examples may be replaced with a vapor-phase 
method. 

[0038] [Effectiveness of this invention] 

With the method based on this invention, after a PSG film is 
formed on a substrate, a silicone oxide film is formed as a base 
film, and a crystalline silicone layer is formed by crystallizing 
the surface using nickel at a temperature lower than the 
conventionally allowed temperature. As a result, the existence 
of nickel negatively affecting the characteristic of the 
semiconductor device using this crystalline silicone can be 
prevented. 

[Simple explanation of the figures] 

[Figure 1] shows the production process performed in the 
operational examples . 

[Figure 2] shows the configuration of the device used int he 
operational examples . 

[Figure 3] shows the production process performed in the 
operational examples . 
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[Explanation of Keys] 

99... PSG film; 101... Glass substrate; 102... PSG film; 
103... Mask; 104... Silicone film; 105... Crystal growth 
direction; 106... Gate insulation film; 107... Gate electrode; 
108... Positive electrode oxide layer; 109... Gate electrode; 
110... Positive electrode oxide layer; 111... Source/drain area; 
112... Channel formation area; 113... Drain/source area; 114... 
Source/drain area; 115... Channel formation area; 116... 
Drain/source area; 117... Electrode; 118... Between-layer 
insulation; 120... Electrode; 119... Electrode; 301... Glass 
electrode; 302... PSG film; 303... Base film (silicone oxide 
film); 304... Silicone film; 305... Gate insulation film; 306... 
Gate electrode; 307... Source/drain area; 308... Channel 
formation area; 309... Drain/source area; 310... Between-layer 
insulation; 311... Electrode; 312... Electrode; 313... ITO 
(Picture element electrode); 314... Positive electrode oxide 
layer 

Figure 1 

Key: i) Laser beam 
Figure 2 

Key: i) Ni added area 
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WEPSGIR±lcTlfeKi: L-C«IW*«/*-rsia 
i, 

li9C->y ft* a^/U'h, 

*>. #*<fct>-o*»Arsxe*. 
fcjtt«Toffi*-c7~-/i'U aiez-^/k ft. = 20 
^flE'V y = >&£l£A<b£ -fr 5 xS£ , 

[000 1] 
[000 2] 

[0 0 0 3] Bfty»a>«;»fiStS*fetLtll 51 

— f«*oa*/wif-*^xT«A^*-fr5^i£. 

K lia««fe^^ ^ * -/ ? &T^fi£ L fc 7 * A* 7 r * ■> y => 

>^J»*rs-/H. teAte****^**^*^ 1 

tttftev*. *fc/IDJSfl7--/M::j:6#ttlt, ^iSa^ 



#BB¥6 -3 3 3 8 2 4 

^7 0 5 9#7*<D£,6tt5 9 3*C) , *3B«a««rffl 
i£*?2 4»»IB!a*J5D«7=-/w-r6ifi;*A 5 A> , 3. *S 

10004] r^e/u^ 7 * > v => smzmAn— 

y^J^Ttm^XL, La»*«KJMR7.=i-/i'4rff ? 

r^^Hteraar, &7~-/nzj;* 

«AftSr*ft-r5*tt*i, »Avy 3>*(c*JR5c*"C 
*>S = y^35 5 »eUTL4t\ rofcrA ->y = 
^T*i9«:Kia (WliTFTJ «rf*»LfclRiz. *o 

[000 5] 

rt) <o«auE-c^7-— ^"t?isAtt'>y =^R* 5 ^9^s 

S+5ttA<fcofc*oftfe^»r*>S**7c*<oBW* 
[0006] 

<bnfcPSGJHSt, RPSGJffi±£»ttf fe*fc*»K 
fc. ^^B«I±ICs9:it^ixrcMA->y ayRi, ££L 
fc#**SHti)oT, W8BI»A->y =xK*lz(i, & 

[0 0 0 7] ±i£ff 1 £0«igil, S^±t^*t btttz P 
SGm^XoX. »Aft*«Jftr5fc^(zWALfcttfflE 

^zi3v^•c, psGRtv^oit y >->y -^^ k#7* 

(Pbosphosilieite 61 ass) O Z t T*j »7 , £*J<oJ:?tr 

[0 0 0 8] ->y =»>K<o»A{b«r**"r5fcft<o** 
tt"»-C*>-5A«7c*i:Urtt, ft. 3/</u 

[000 9] CfS 3 <D«W) * 3 <0*Wtt, Sfi*Jf 3 (C 
I£^KTi^J:7(:, S«±JcpSGJK«r®filtfSX 
fit. IWSEPSGK±l-TJftffii ur«»«*:iK/«-rs 
Xfii:* m£TlftH±lw35HW<f7^/U7r^*a8o-> 

/U, ft. =r/<yUK, 6^co?*b, 'J>fc< * fe-o£WA 
m^i. ^I£*>y 3vK«rifi«07*^7r^->y 
a^K<o»Afcifi**UTOja*-C7=-/>U. ttiZZ~y 
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[0 0 1 0J ±S»3 0*«li, *ltO*M«r«*fc* 
11, 4i»(Or7X^CVDtt-^»EJ»CVDi£. 5^>(w 
77^'>U 3>*»tt^7^77^yy3>TFT 

[001 1 ] «*</>t*^7 r^>!)3 ^Ko«A<bta 
wtefetfattafcoiaii. 5 5otco&£-efcixtf4 

II, 4 5 Or- 5 5 OroBBE <*»S«OiWl»tt*>0 20 
[00 12] 

[0013] 

[£ftOT] ^7^S«J:J-* ifl 

*'>!l3>^fcPft^TFT (PTFTt^ 
?) tNf + */HTFT (NTFTi^?) £ €r*fHt 

[0014]®! «C**ftWof^«lSO»fffiH** 

r. *r. (^-^>^7 0 5 9) loiii^t- 

>=- httl:J:oT 1 0 0 0 A08C5KPSGR9 9£ 
M&1r%. * LT 2 0 0 TCO^-y- Xfifc&T fiKKt* 40 

x l 0^' cm'^/^i: 5ICLfc. Sfc-ttf>ffSH, 2 

o o - 2 o o o k<nmz <D«ifflTajrr*u* xv*. 

[0 0 I 51 ISti:, ^/<y^y>^tttCJ:oT/55l 0 
0-2000A;:cT-H500AiS£ fc«{LS3l?<0Tifi 
N 1 0 2 fcjgtftfc. COTiM*Kll«#*ift^1"* 

(C, /7XTCVDtei:J:ot, 15$ 5 0 0 - 1 500 



I ^6-3 33 8 2 4 

y=yKi0 4$r«8Lt -t try ten 
mimmmizt^Tm&LZtiti^x? 1 0 3 «r»it 

-0-7*^10 311, ^ y y K^IC VMS 1 0 
4*&M$**o eO^, 01 (A) <Otffi§£±Sr)><b H. 
^ y y h fti: !; a I 0 4 11S£ L t *J "? . 

[0 0 16] ±£^** 1 0 3*»Hfc8L y 
^feCJrot. #£5-2 0 OA, «itf2 0A<OS 
<t~v*^m (fc¥5£N i S i 1 . 0. 4Sx^2. 
5, «^H\ x = 2. 0) ~OXSK.fco 

r, -yyav-Bti 0 4±o«*i 0 o^eB^eiawwic 

[00 17] iKlCl-r*? 1 0 3fi&£L, cK^tK^Stc 
&®hT (fffL< II. o . ] - l * 

JE) , 5 5 0rT4«FBBT=-^LT»Afl:S-frfc. r 

«(cj3^rii, &&10 nr^Lrfiflt*(Si(^>y 3> 
Rl 0 4 0**&fl234«fiw5. -tut. m*ioo#fl-<o 
«*-C(l. 0 5T^i-J:5f-. «*lOOA*<bff 

[0 0 ) 8] ±SEII£4>I**. 7^/u77^yy a^R 

*«Aft*-frT, «ft->y3yRi0 4«:»5:W J r 

&(CJ:oT/f$ 1 0 0 0A<O«Hfc£*Rl 0 6^^ h 
fcaRfcLT«&»Lfc. y^fcli. 

ii2 00-40 or, ^tif3 5ot;, ^v^j^ 

#H*l*lSE*£TArf^T. TyU^/Rlfc^O^O. 
5, «x.tf0. UJlTtlfc, 5I#«^T, 
>^:j:ot, f$6000-8000A, 0tfxtf6 
000A^r/uU!)A (0. K2%0->!l3y«:S 
tri **ft«Lfc. fcib\ ~c0Sfc{fc^£Rl 0 6 tTtvl 

[0019] ^IT, ->y ayg*/^-=>^Lt, 
^H«*10 7, l0 9fc»fifcUt. £<b<^ 

©108. llOfcflMLfc. C<OH«»fl:ll. iH5R 

fc. ftbtLtcmfctoB i o 8 . i i o<om£&2 oo o 
AT^ot -<?>mm \ o 8 £ i. i o tn. % 

$ £±Effi«»ffcxfrc**!> srims. 
[0 0 2 0] f!*:tc, ^.tyK-ey^Ciot. ->y 

htilO 7 fc-twffliaoRfcJB l 0 
8 , y>< 1 0 9 b*<Oft®<D&<ffl 1 1 0 ^-^^ 

>^^^£UT. 7t^7^> (PHj ) *5 7 
> (B2 Hs ) *fflt\ ^Jiim^r6 0 
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~-9 0kV, 0t|;ttf8OkV, tt^oS-S-tt. 4 0-8 
OkV, Wttf6 5kViUfc 0 K-*£ttlxiO ,s 
-8 x l 0 1$ cm'', WZtt* m%2 x l 0 M c m" J , 
1 0 ]i cm' 1 tit. K-fcT^fcBRUT 

Lfc. NfflO=FIMMMl 1 4 t 1 1 6, P 

5!*O^M«flff«l 1 1 t I 1 3 a 5 ®* Sit. P^**^ 
iTFT (PTFT) (OWtNft^TFT (N 
TFT) t«ft***J*'rSitJ6 s T£fc. /0 

[0 0 2 J ] -toft. ls—*f-ft<nmttl~±oTT~- 
/uffofc. F-ttt UTI1, KrF^*->^U-1f 
- (StS 2 4 8 nm, /</^«2 Onsec) tJH^fc 

x^-^i200-4 00mJ/cm 1 , 
#J;Ltf2 SOmJ/cm 1 -M3fteo£2-10 
•>3 7K M;Uf 2i/3* hHMtUfc. :oi — If-* 
OfiRtt*$K£«* 2 0 0-4 5 0 "Cfiff tcao»-r S r t 

1 1 t 1 1 3. SfcfcttNfcft^a^ttttrtf K-^S 
nfc^««««l I 4 t t 1 6(1, 

[0 0 2 2] M^X. «T4€ 0 00AOttfl:«#Kl 1 
8*/gBn*fe#4&t urr7X-7CVDSi:J:oTJB* 
U :^C3^^^ h*-/u£^fi£UT, £JR*f*k W 
xtf. ^{b^^^tT/u^^»>A(7)#|g^(cj:orTF 
T<0f£(£-ESl 1 7, 12 0, 1 1 94rJB/SLfc. * 50 
Slz. lftGEO***BB*CT3 5 0t:, 3 0#<O7-- 
/uSr&zttofc. Bl«oili:j:oT*»»0B#»ilt 
Lfc, (Hi (D) ) y^hWB^t 

[0 0 2 3J ±Efc*H1sIttfcL PTFTtNTFTt 
*«»ffifcttttfcCMOS«a**>*a 5 , ±I£I»*C*5 
^T, 2oOTFT«rl51WlflF9, * &X'®&-r Z> Z t 
KX*), S!ti:UfcTFT£2ol3mcflsJM- *ct fcnT 

[0 0 2 4] Ell (D) *±ffiA*?>ftfc*St 40 

H2»C*>Mt-5N i ffiiAlfiie^BI 1 (A) T^SIt 
1 0 O<0ffl#Kfc*. httStt-tlt^lt 
10 74 10 9I:#ISU. y-^/Ku-OWtlil 1 
It 116, KW^/y-^««li 1 1 3 t 1 1 4d 

tta«t^ir^i*/a««*«K»tbn-cv»6. 02 

2Tt^t, ±TKJ£tf-t) cttC-fcoT, ?f#(OTF 
[0 0 2 5 J *36MEWIiJba*T«. - y ^/u£i£A-rs 50 



) #Sfl¥6 -3 3 3 8 2 4 

fcny^ufcWR («*5>T3»^0-C. J£t LTIS£-r* 

rti*a&T*>5) iur»*u. 

1 0 4 *&&mz> »KtttCSffc-y^/i,«*ri£KTS 
*fe-CfeJ:u\ gpt,. $£&j££(i7*/u:7 7*-> , J ^>' 
fcJ:t\ Z^«^li, =-y4r7U5£*<o«flE«r»H»-**5r 

[0 0 2 6Tfc:fc#K*OTIw*3^T. 'J = 

= ydr S IMS (XiJU *>H*»fftt) 
ot^ci:^, 1 0 w - 1 0 ' 1 c m 1 Xh^>tz 0 

[0027] mtnm2) r^f^fo 

^^*^t Lr*iB»wSa(tfc(«Tfc4. «T(w*sv^-C 

[0 0 2 8] *3i*wo^«iao«Ew*ia 3 i^r. 

#»fcfclfc*5^T, S*ttoilft«*«3 0 1 tut, =1 
— ~>?7 0 5 9#7*&& 1 . 1 mm. 300 

x 4 00mm) fctt/BUfc. r<0^7^*«±i-JS3»« 
ltH«l:Ut, PSG&302£200-2000A 
ZZTMi 1 0 0 0 A<o*$i-^b">3 — hft"CJfc*U 
2 0 Ot:, 3 O^O^-^XSTdtK^o/!:. 
W3 0 3 (ffltmm £5 0 0 A©»$fc*y<y*ife 

[0 0 2 9] ~<D&, LPCVDiSfcfcU<^7'7X-7C 
VD6T7*/U77^->y3>83 0 4 
1 5 0 0 A, ZZX-iilOOOA) SrJgtfU 
ftny^uRtfiMUfc. -<0»k=y^Btt. 

A<off$(c^fiE-r^, :«)Sffc:-y^«, fc**N 

iSi, . 0. 4^xS2. 5, x = 2. 0t 

(b) tr^n^ci; ?^7^^^r^ >y =>>m3 o 4 

t*AUfc. 

[0030] z<o«, 4 o o^-ei WJlJffi*9Rfl:*?T 

^0. 1 — 1 . 5 5 CCTMBMBtrofc. :o 

7^U7 7^->'J =3^m3 0 4±fC*i, Sfk^y^ 
/ulKASritJR* i^<Ot. m<t=- y r^Wifr b1£&<t 
ASSK3 0 1 Kfij&A-fijrgz*. -tUT, SUt3 0 1 

[0 0 3 1 1 -eUT, Z<OfeA*t-> 1)3^*9^ S^iS 
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<«gig (3 0 4T^£ix*aJ#> &<9--^{f 
ffljMt) Urfttt<D*iS*«* (TFTO^ttiB) «rJB 
Lfc. ^f)CrF7 . at h*-> - ->^> (TEOS) 

t, m&8k*>v<( h&ms (W700-1200 

A. IfcfflttWil 0 00A) 3 0 5«r«fifcLfc. £K& 
Katfyxtoti**:/}) SrB6±-t"5fc*0fc4 0 OtiSl 
7, ff* L<fi2 0 0-3 5 Ot:i: Lfc. U>IW 

[0 0 3 2] t:t, Kr FU-1f-*4:fiftBL-C, ^ 
OttAtt ■> U a >R 3 0 4 OWfttt ^ftfi-fr L *!> 6 1 PI 
tffc. y-T hK<t:l5l 3 0 5 <0WS**& ( b y y > 
4r«^**, ^ h»fc«3 0 5©4*tt<DefcS* 
Eofc. ClOU— IF— BMtttl 0 t o r r^TO 

-3 00ml/cm' itt*U $fc, ->a y hftfc 1 
oafcLfc. rwBStt£«*#*L<li. 2 0 0-4 
0 0t, ft^tc(i3 0 0 < C(r^oi:av>. *<o»*, 

<fc&cO#ffi2g&g;/£fc 1 0 n cm-*»Tl:K'>Lfc. 
[0 0 3 3 J Wd, T-);-!)^^ FWS3 0 6* 

■Wt*<0«3 1 4**S2 OOOA^tfLfc. rcoxm 

o^7Lfc^?-^[g3 (c) »«»ft:x jo 

mTLfc^l:, i8£Ao«E, 0y*tf-lOO- — 
2 0 0 VoffiE£0. l^sWOPMOLTfeJ:^. Z<D 
£*fctt, £&?££tt 1 0 0-2 5 0^ fWEWlCtt] 

httfi (A!) KSI***^*. 

[00341 Niow»tu, mm^4± 
is b~-x y => i^ms 0 5 csei^cttA 

U TFTcoy-^/KW>-30 8, 3 0 9*JB/*L 
fc. ££>lw. 02 (C) iC^F-r«t?»C. miCKrFl/ 40 

ottirttu— ^-*<Oi*/m?-*aei±2 5 0-30 

OmJ/crn' t^L^ - (O U— F-BMlCJ: o 
X, C«TFToy-^/KUW>0->- Mgj6ft*4 3 0 
0-8000/cm' t^/ofc. 
[0 0 3 5J *co&, *yw$ K(^i:^rJlBBJ6««5 3 
l0$r*2fi£U $^1:, ©£«&3 l 3 £ I TOtc^o 



\ Vffl¥6-3 3 3 8 24 

8 

M-ctS3ih 3l2£fl5ricU 

fiB3 1 2»W*««"Cfc* ! T03 ifcfcttirfa J: 5 

^2 0-2 0 0 0 Acrr*i 1 0 0 0 A. JJgfCT/Ui 
— £ i*S£ 1 000 — 20000A CITIi 5 0 0 0 Art 1 

-agfiM-*cfca 5 S*K*. **«ct'2 0o- 
3 0 0 , CT-28#(Sir--^LT, ■> y 3>«o*3?fc*:S£ 
Ttfc. CO J: 9CLt, TFT^StfLfc fit, 
|5!«FJ'(^HLfc#»*OTFT«:^ > y^^^ffiWL 

46rr^x^y-7hy^7, £'&&^£Eco^&#<o 
y a^^o^y^yuififlEi^ lO'^io'^m-'r* 

[0 0 3 6] #±o£ft«U fci:c«»W2 0*J*£« 
Srm^icia^i: (y-yfy^tn $^r^iTf, 

[0 0 3 7] «±eD#3SftW;:j8t*-Cli. 

!)>^ff9*tfitirpsGR (y >->y^ 

*) fcffl^fcjtf, COtelrBSGIS (#oy>y^h 
t\ 

[0 0 3 8] 

(tt*J:»)fcfiia-tftott4ffcfc^5ft*) ^^fci^f B -> 

m i ] ntm<D<mxm%7f;T 0 

[02] *«£gi|<0«*«:*r. 

[a 3 ] %m\<n\mxM^-r. 



9 9 




1 0 1 




1 0 2 


psGJifr 


1 0 3 




1 0 4 


-> y a >w 


1 0 5 




1 0 6 




1 0 7 




1 0 8 




1 0 9 
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1 1 0 

1 1 1 

1 1 2 
1 1 3 
1 1 4 
1 1 5 
I 1 6 
1 1 7 
1 1 8 
1 2 0 
1 1 9 
3 0 1 
3 0 2 



PSG8* 



(6) 



10 



3 0 3 
3 0 4 
J_0_5 
3 0 6 
3 0 7 
3 0 8 
3 0 9 
3 1 0 
3 1 1 
3 I 2 
3 1 3 
3 1 4 



»5S?6-3 3 3 8 2*4^' 



10 



■>ii3/e ^-> v 

y-x/KW 
Ki/W >/y-xfgiJg 



i to (srxsii) 



9 8 



[Hi] 
I DO > I 04 



^ T\ 



1 03 
10 2 




i / i / i / i ' ' >. 

* I J 2 



— MS 
1 4 



PTET 



NT FT 



"pL Li» 7 '"7 i'«y^ z 



I I 



[02] 



PTr T 



1 0 7 



NTFT 

j o o <n i mmmm) 



1 M -* 112-1 lis 



I I 0 




(D) 
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(?) 



&MW-6-3 3 3 8 2 4 



(A) 



3 0 2 — 7 / 3 0 3 



3= 



3 0 I 



(B) 



3 0 4 



i 



i i i i 




\ 8 0 7 



3 0 8 



3 I 0 
3 1 I 



r~ 3 I 2 



CD) 



NTPT 



3 I 3 



a i o 







li — d 




i 


J 


i i 


JL. 
T 








r 



(51) Int. CI. * 

H0 1L 29/784 
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